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ABSTRACT. Concerning the difficulty of learning science and reduced interest in science, the authors of this study searched
for potential threshold concepts which are portals or gateways in the field of science (particularly chemistry). The nature of
these concepts and how to overcome their troublesomeness were further questioned. For this study, 239 high school students
completed chemistry II provided information about what difficult concepts and potential threshold concepts in high school
chemistry are and how they affect learning chemistry. In particular, the mastery experience of the threshold concepts was
explored in detail. Two, “mole and atomic structure” were selected as threshold concepts in chemistry. Not only as important
but also as threshold, this study emphasized the importance of the two concepts in terms of features characterizing them as
threshold concepts. In particular, the features objectify subjective experiences of students and provide information describing
the scientific meaning and distinctive nature of threshold concepts in science. Along with the data from teachers, this study
shows the integrative feature as key criteria for students to make meaningful understanding of the two threshold concepts.

Key words: Threshold concepts, Difficult concepts, Interest in science, Integrative property
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Table 1. Number of students participated in this study and their
academic years (HS: high school)

School Type HSA HSB HSC Science HS
Number of Students 72 66 60 41
Academic Year 12 12 12 1t

2014, Vol. 58, No. 1

Table 2. Questionnaire used in this study to identify threshold con-
cepts in high school chemistry

Based on your own experience of science learning in high
school, what do you think are the three most difficult concepts
in high school chemistry?
()
@

g @

Why do you think that each concept was difficult for you to
understand?

M

@

3

If there were ways that helped you to understand the difficult
concepts, could you check the appropriate case from the list or
explain it on (5)?

10 (1) Don’t understand and gave up
(2) Don’t understand but memorized
(3) Understand by asking questions to teachers
(4) Understand by reading references
(5) Others

Based on your own experience of science learning in high
11 school, what do you believe are potential threshold concepts,
that is “a~ha!” concepts, in high school chemistry?

Could you explain your mastery experience (or moment of
awareness) of each threshold concept in detail?

What are the values of overcoming threshold concepts to learn

13 curriculum materials in the field of chemistry?
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Categories of Student Responses

Figure 1. Representative Concepts and Percent numbers of Stu-
dent responses for the difficult and threshold concepts in high
school chemistry.
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Table 3. Sub-categories in acid-base reaction and percent numbers of student responses for the difficult concepts in high school chemistry

Acid-Base Reaction Listed Concepts

Response rate (%)

Definition definition, nature 9.3
Acid-base strength ionization constant, strength, degree of ionization, acid-base equilibrium 2.0
Water autoionization autoionization of water, pH value 0.0
Neutralization reaction titration, indicators, titration curve 6.0
Salt salt, solvolysis 0.0
Buffer solution buffer, buffer capacity, 0.1
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Table 5. Students’ vs Teachers’ threshold concepts in high school
chemistry

Threshold Concepts Identified

Threshold Concepts Identified

by Students by Teachers

Mole

Structure of Atoms

Periodic Table
Mole

Ideal Gas Law
Structure of Atoms .

Orbitals

Chemical Bonding
Chemical Equilibrium
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